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ABSTRACT 



In an image signal processing apparatus and processing 
method, intermediate gradation is produced by way of a bit 
expansion to reduce a quantizing noise. The image signal 
processing apparatus is comprised of: bit expanding means 
for bit-expanding an n-bit quantized input image signal into 
an m-bit (symbols "n" and "m" are integers, and own a 
relationship of n<m); control signal output means for out- 
putting a control signal based upon the input image signal; 
and a converting unit for adapuVejy^^ny^rtjng the signal 
fro m th e bit expanding jmcajas^into^an ,m = bit. signal in 
response to the conlio^signal from the control signal output 
means. Also, the image signal, processing method comprises 
the steps of: bit-ejcpaj^ng m an w n-bit„quantized input image 
hbit (symbol "n" and "m" are integers and own 
rfationshib of n>m); ^dj^apjiyely^ producing lower 
Bits in accordance with an image nature of the 
~image feghal to* thereby be'converted into an m-bit 
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APPARATUS AND METHOD FOR can be compressed. For instance, the DCT coefficient at a 

REDUCING QAUNTIZATION ERROR IN flat picture portion of which self-correlation is high is 

DIGITAL IMAGE SIGNALS concentrated and distributed into the low frequency compo- 
nent. Thus, in this case, only the coefficient concentrated/ 

BACKGROUND OF THE INVENTION 5 distributed to the low frequency component is coded, so that 

i r- u fl . t the information amount can be reduced. 

1. Field of the Invention 

™ . . 11 1 * * • - i It should be noted that although the MPEG 2 system is 

He present invent™ generally rela es to an image signal j d as ^ ^ ^ £ ^ficfa^, m any 

processing apparatus, an image signal processing method, ^ ^ & £ for Mp =* G tem ^ 

and an image signal decoding apparatus. More specifically, 10 

the present invention in directed to an image signal process- » " ■ . . 

ing apparatus, an image signal decoding apparatus capable In S enera j' t0 f im P rove ™ ima S e ^pression in a TV 

of reducing a quantizing error when an encoded image monitor, a filter for emphasizing the image is employed, 

signal is decoded to be displayed. are various ^ of emphasizing process filters. For 

.. tl^i.ja^ example, there is such a high-pass filter for emphasizing a 

2. Description of the Related Art is faigh frequency of an image signaL ^ a 

In such a system, a moving picture signal is recorded on so-called "contrast filter" is provided to amplify an ampli- 

a recording medium such as a magneto optical disk and a mde of an image signal. There is another filter for converting 

magnetic tape, this moving picture signal is reproduced so as density gradation. 

to be displayed. An moving picture signal is transmitted ^ hasizi fllters not onl emphasize the ^ 

from a transmitter via a transmission path to a receiver, as in 20 to ^ ^ ^ ^ ^ ^ ^ 

a TV conference system a TV telephone system, and a contained m the si , ^ a amaeqaeaBtt when the image 

broadcasting appliance. In these systems, since the trans- ^ ^ ma noise , hese noises would 

mission path and the recording medium are utilized at a high resultin m of visual 

efficiency, the image signals are compressed and coded by " . , . ',. , • . r™, 

utilizing the line correlation as well as the frame correlation 25 The output signal to the display unit of the TV monitor, 

of the video signals anc " tnus ' tnc above-explatned emphasizing process is per- 

A , . . .„ , formed after the digital signal is converted into the analog 

A description mil now be made of the nigh-efficiency signal. This is shown in FIG. 1 and FIG. 2. ' 

coding of the moving picture signal. „ , , , . ™ , . 

„ . . . , , . , . , FIG. 1 shows such a case that an input to a TV monitor 

Conventionally, moving image data such as video signals 30 400 ^ a di ilal si ^ ^ di ^ tal { t si al ^ D/A . 

contains very large quantities of information. Thus, to C0Qverted int0 an anaI gi j b a D/A converter 401, and 

record/reproduce this moving image data for a long time ^ [& hasized b an emphasizing filter 402. Thereafter, 

duration the ^recording mediums whose data transfer speeds me hasized si al fe Ued to a dis la unil 403 for 

are very high are necessarily required. As a result, a large- representation. 

sized magnetic tape and a large-sized optical disk are „ , t , , rrnr 

needed. When moving image data is transmitted via the 35 FIG. 2 shows another case that an input to a TV monitor 

transmission path, or broadcasted, since an excessive data 410 * an analo S «gn»L The analog input signal is empha- 

amount must be transferred, such moving image data could sized ^ *> emphasmng filter 412 to be supplied to a display 

not be directly transmitted via the presently existing trans- umt 413 for representation. 

mission path. I Q tne case °f tne analog image signal, random noises such 

Under such a circumstance, when a video signal is *° as white Doise ^e m a J° r noises - noises of the digital 

recorded on a compact recording medium for a long time, or si e nal are block distortion, and quantizing noises near edges, 

is used in a communication and a broadcasting system, the These noises are locally produced and own higher correla- 

video signal must be processed in the high-efficiency coding tion thereof. When the noise contained in the digital image 

for a recording purpose, and further such a means for signal is emphasized, me visual impression would be greatly 

decoding this read signal at a higher efficiency must be deteriorated, and would give unnatural impression, 

employed. To accept such needs, the high-efficiency coding Normally, a digital image signal is quantized by 8 bits. In 

methods by utilizing the video signal correlation have been the normal image signal, quantizing noise could not be 

proposed. As one of these method, so-called "MPEG visually recognized. In other words, no discrimination can 

(moving picture experts group) 1 and 2" have been pro- 50 be made of a 1-bit interval in 8 bits. However, as shown in 

posed. This method has been proposed as a standard method FIG. 3, when an image signal is simply increased in a flat 

in ISO-IEC/JTC1/SC2/WG11 conference. That is, such a manner, this quantizing error, namely 1-bit interval can be 

hybrid system combining the movement compensation pre- recognized. This is because a human observation is very 

diction coding with DCT (discrete cosine transform) coding sensible to this flat portion, and steps of 1-bit interval are 

has been employed. 55 continuous. 

The movement compensation prediction coding corre- A similar phenomenon appears as to an image with a 
sponds to the method for using correlation of the image better S/N ratio. When an image owns a low S/N ratio, the 
signal along the time base direction. The presently entered 1-bit interval is mixed with noises, which cannot be there- 
image is predicted from the signal already being decoded fore observed. However, as to an image having low noise, 
and reproduced, and only the prediction error is transmitted, 60 mc quantizing error (1-bit interval) can be discriminated, 
so that the information amount required in the data coding t This phenomenon especially occurs in the noise-eliminated 
is compressed. image, and the signal and CG produced by the image signal 

The DCT coding is such a coding method that signal generating apparatus, 

power is concentrated to a specific frequency component by When the image signal is coded, a similar phenomenon 

utilizing the frame two-dimensional correlation owned by 65 occurs. A general image signal contains noise. When the 

the image signal, and only the concentrated/distributed coding bit rate is high, this noise component is also coded to 

coefficients are coded. As a result, the information amount be transmitted. When the coding bite rate is low, this noise 
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component could not be transmitted. At this time, in the 
MPEG coding system to perform the block processing, this 
may be observed as a block-shaped noise. If such a block- 
shaped distortion is continued, even when this corresponds 
to a step of 1-bit difference, it could be visually recognized. 
Since this is observed as a pseudo contour, it is called as a 
"pseudo contour**. 

FIG. 4A and FIG. 4B represent such a case that pseudo 
contours are produced. FIG. 4A indicates a two-dimensional 
pattern displayed on a screen. FIG. 4B represents a signal 
level on a line a to "a" of FIG. 4A 

A similar phenomenon will occur when a decoded image 
signal is emphasized. When the image signal is emphasized, 
a 1-bit difference would be widened. This phenomenon will 
now be explained with reference to FIG. 5A and FIG. 5B. 

FIG. 5A shows a case that a step of a 1-bit difference is 
converted into an analog signal. When this signal is 
emphasized, as shown in FIG. 5B, the 1-bit difference would 
be widened. As a result, this 1-bit difference could be 
visually recognized. This phenomenon is visually recog- 
nized as a pseudo contour. 

When the image signal is decoded in the above-described 
manner, the quantizing error can be visually recognized to 
produce the pseudo contour. 

Also, there is another possibility that the quantizing error 
can be discriminated also in the not-coded image signal. 
This may becaused by the performance limits by the 8-bit 
quantizing process. 

As described above, when the digitally compressed image 
is observed on the TV monitor with the emphasizing 
process, the noise (deterioration) caused by the compression 
would be emphasized to deteriorate the image impressions. 
Thus, there is a problem of occurrences of unnatural images. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve such 
various problems, and therefore, has an object to provide an 
image signal processing apparatus, an image signal process- 
ing method, and an image signal decoding apparatus, which 
are capable of suppressing a quantizing noise even in a 
coded image signal. 

Another object of the present invention is to provide such 
a system that even when a digital image signal is observed 
by a TV monitor with a function of a signal emphasizing 
process operation, a naturally good image could be repro- 
duced. 

A further object of the present invention is to provide such 
a system that even in an original image signal which is 
coded, a quantizing error caused by a limitation in an 8-bit 
quantizing process could not be apparently observed. 

To solve the above -described problems, an image signal 
processing apparatus, according to the present invention, is 
featured by comprising: 

bit expanding means for bit -expanding an n-bit quantized 
input image signal into an m-bit (symbols "n" and "m" 
are integers, and own a relationship of n<m); 
control signal output means for output ting a control signal 

based upon said input image signal; and 
a converting unit for adaptively converting the signal 
from said bit expanding means into an m-bit signal in 
response to the control signal from said control signal 
output means. 

In the converting unit, the input image signal is smoothed, 
and at the same time, such a process is performed in order 
not to lose the high frequency component of the input image 
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signal. For example, a low-pass filter is employed to perform 
the signal smoothing. To compensate for the high frequency 
component, the original input image signal is adaptively 
used, and the n-bit input image signal is converted into an 
5 m-bit signal. 

This may be similarly applied to such an image signal 
decoding apparatus capable of decoding such an image 
signal which has been coded by the prediction image coding 
method. 

10 In the bit expanding means, (m-n) bits of "0" are added 
to an LSB (least significant bit) of an n-bit input image 
signal in order to simply perform the bit expansion from n 
bits into m bits. In the control signal output means, the 
converting unit is adaptively controlled in response to the 

15 input image signal, so that the high frequency component of 
the input image signal is not lost. In the bit converting 
means, the m-bit smoothed signal is outputted within such a 
range that the high frequency component is not lost in 
response to the control signal. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref- 
erence is made of a detailed description to be read in 
conjunction with the accompanying drawings in which: 
25 FIG. 1 is a schematic block diagram for representing one 
example of a digital signal input type monitor apparatus; 

FIG. 2 is a schematic block diagram for representing one 
example of an analog signal input type monitor apparatus; 

FIG. 3 illustrates an example of such a flat image signal 
30 increased monotonously; 

FIG. 4A and FIG. 4B are explanatory diagrams for 
explanating pseudo contour when a block-shaped distortion 
is continued; 

3 5 FIG. 5A and FIG. 5B are diagrams for showing an image 
signal emphasized processed; 

FIG. 6 is a schematic block diagram for indicating an 
arrangement of an image signal processing apparatus 
according to an embodiment of the present invention; 
40 FIG. 7 is a diagram for explaining such an operation to 
bit-expand 8 bits into 10 bits; 

FIG. 8 is a block circuit diagram for showing a concrete 
example of a tow-dimensional low-pass filter (LPF); 
FIG. 9 A shows a concrete example of a 3x3 pixel block; 
45 FIG. 9B indicate a concrete example of a two- 
dimensional low-pass filter (LPF); 

FIG. 10A and FIG. 10B are diagrams for showing a 
comparison example between an input image signal and a 
signal outputted from a low-pass filter; 
50 FIG. 11A is an illustration for showing 1 bit of an 8 -bit 
signal; 

FIG. UB is an illustration for representing 1 bit of a 10-bit 
signal; 

55 FIG. 12 A and FIG. 12B are diagrams for explaining the 
principle idea of the high -efficiency coding; 

FIG. 13a and FIG. 13B are diagrams for explaining 
picture types in the case that image data is compressed; 
FIG. 14A and FIG. 14B are diagrams for explaining the 
g 0 basic idea to encode a moving picture signal; 

FIG. 15 is a schematic block diagram for indicating a 
structural example of an image signal encoding apparatus 
and an image signal decoding apparatus to which the 
embodiment of the present invention is applied; 
65 FIG. 16 is an explanatory diagram for explaining a format 
converting operation of a format converting circuit 17 
shown in FIG. 15; 
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FIG. 17 is a schematic block diagram for representing a The control signal output means 120 is constructed of an 

structural example of an encoder 18 shown in FIG. 15; adder 105 and a comparator 106. The converting unit 130 is 

FIG. 18A and FIG. 18B are diagrams for explaining constructed of a low-pass filter (LPF) 103, an USB (least 

operation of a prediction mode switching circuit 52 of FIG. significant bit) extracting circuit 104, adders 107 and 109, 

17; 5 and a switch 108. 

FIG. 19A and FIG. 19B are diagrams for explaining ^ output signal S2 of the 10-bit expanding circuit 102 

operation of a DCT mode switching circuit 55 of FIG. 17; functioning as the bit expanding means is sent to the 

FIG. 20 is a schematic block diagram for showing a low-pass filter 103 and the adder 107 of the converting unit 

structure example of a decoder 31 shown in FIG. 15; 1Q and to^c ^ 105 of control signal output means 

FIG. 21 is a schematic block diagram for representing an ' respective y . 

image signal processing apparatus according to another ^ low ;P ass flller 103 of the converting unit 130 

embodiment of the present invention; ™ t S, a fi l te ™ g pTOCeSS t0 ,ma « e 

„ . ,. ....... signal S2 to thereby output a signal S3. The output S3 of this 

, 22 is a graphic representation for indicating a , o ^ 1Q3 fc mt fc ^ ^ exlractor H 104 and (he 

relationship between a coefficient of a filter strength deter- 15 adder 105 of the s ^ na , ou meaQS UQ 

minmg circuit and dispersion of an image signal; , , mAm , , , : 

. , . In the adder 105 of the control signal output means 120, 

FIG. 23 is a graphic representation for indicating a , . 4 . . » • i ei * *u i 

, . t & r „ r . c . - a difference betwee n the outp u t sign al S3 o f fhp '^w.pn^ 

relationship between a coefficient of a filter strength deter- ^ m a nd the iQ-Mt^S^ 

mining circuit and a dynamic range of an image signal; and S 5=S2^S3]i^ com- 

FIG. 24 is a graphic representation for showing a rela- 20 p ^ rator ^ 106 comparator jp6 compares this difference 

tionship between a coefficient of a filter strength determining witJTT predetermined th reshold valu e, e. g., a v alue "4" 

circuit and a luminance signal level of an image signal. corresp obdiWSE EaSElg addition. As will be discussed 

FIGS, 25Aand 25B are waveform diagrams representing later, bdfeed upon a comparison result, the comparator 106 

noise elimination attributed to filter 300. outputs aycontrol signalOl used to add a low order bit 

DETAILED DESCRIPTION OF THE * witb ° Ut W ^ ^^V? ""Ponent of the input 

PREFERRED EMBODIMENTS Z^^tK 1 *** ° ^ " 

Referring now to drawings, several preferred embodi- The LSB extractoMOiTof the control unit 130 extracts 

ments of the present invention will be described. ^ only 2 bits from the 10-bits of the i mage si gnal on the LSB 

It should be noted that although the following embodi- side as an output signal ~S4, an3"Then supplies this output 
ments will describe such a preferable example when a signal S4 to t he .switch 108 , The control signal CI derived 
moving picture is compression-coded by utilizing line cor- from the comparator 106 is supplied as an ON/OFF control 
relation and frame correlation, the present invention may be signal. The control signal C2 is supplied to the adder 107, 
similarly applied to other image signal coding systems. Also, 35 and the output signal from the adder 107 is sent to the adder 
the present invention is not limited to a compressed image 109 of the converting unit 130. The output signal from the 
signal. Furthermore, although the below-mentioned embodi- switch 108 is supplied to the adder 109, and the output signal 
ments will disclose such a case when an 8-bit digital image from the adder 109 is derived via an output terminal 110. 
signal is converted into a 10-bit digital image signal, any bit i D FIG. 8, there is shown a concrete example of a circuit 
lengths may be utilized. In general, the present invention 4Q arrangement of the low-pass filter (LPF) 103 of the above- 
may be applied to such a case tha t n bits are convert ed into described converting unit 130. 

m Jbits (note that symbols "a" and "m" denote integers, i D the filter arrangement shown in FIG. 8, an input signal 

p<m )- supplied to an input terminal 201 is sent to a 1 line delay 

FIG. 6 schematically shows an image signal processing circuit 202 and an adder 204, and an output signal from the 

apparatus constituting a first embodiment of the present 45 i fine delay circuit 202 is transferred to a 1 line delay circuit 

invention. 203 and a 1 pixel delay element 210. An output signal from 

In the first embodiment shown in this FIG. 6, an n-bit (for the 1 line delay circuit is sent to an adder 204 so as to be 

example, 8 bits) image signal SI is supplied into an input added with the above -explained input signal, and the added 

terminal 101. This n-bit (for instance, 8 bits) input image signal is sent via a Vi coefficient multiplier 205 to a 1 pixel 

signal is entered into a bit expanding means for bit- 50 delay element 206. An output signal from the 1 pixel delay 

expanding the n-bit image signal into an m-bit image signal element 206 is supplied to an adder 207, and an output signal 

(m>n), for example a 10-bit expanding circuit 102, In the from the 1 pixel delay element 210 is sent to the adder 207 

10-bit expanding circuit 102, as shown in, e.g., FIG. 7, 2 bi ts and an output terminal 220. An output signal from the adder 

o f "0" are added to an LSB fleast significant hi rt of the 207 is supplied via a Vi coefficient multiplier 208 to a 1 pixel 

enter ed 8-bit image signal so as to perform the bit expansion, 55 delay element 209. An output signal from the 1 pixel delay 

i.e., to output t he_ added s ignal as a 10- bit image signal S2. element 209 is sent to a 1 pixel delay element 211 and an 

In ge neraJL_(m ^) ii bits.pf "0" maybe ada ? e^T6""a lower sided adder 213. An output signal from the 1 pixel delay element 

of an n-bit image signal t han"an L SB"llfere ol~td r thereby 211 is sent via a 1 pixel delay element 212 to an adder 213 

produce a n jn-bit ima ge signal. "*"~ and another adder 216. An output signal from the adder 213 

The output signal S2 of the 10-bit expanding circuit 102 60 is supplied via a ¥1 coefficient multiplier 214 and a 1 pixel 

functioning as the bit expanding means is transferred to a delay element 215 to an adder 216. An output signal from the 

control signal output means 120 for outputting a control adder 216 is derived from an output terminal 219 through a 

signal based upon an image character of the input image coefficient multiplier 217 and a 1 pixel delay element 218, 

signal, and a converting unit 130 for properly converting the The filter shown in FIG. 8 is a two-dimensional low-pass 

signal derived from the bit expanding means into an m-bit 65 filter. FIG. 9A represents a 3x3 pixel block functioning as an 

(for example, 10 bits) signal in response to the control signal input. The two-dimensional low-pass filter extract a 3x3 

derived from this control means 120. pixel block around a certain pixel "e" to be processed. With 
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respect to this object, the below-mentioned calculation out- 
puts are recognized as the output values of the filter for the 
pixel "e": a/16+b/8+c/16+d/8+e/4+^8+g/16+h/8+i/16. In 
other words, 3x3 filter coefficients for the respective pixels 
"a** to "i M are indicated in FIG. 9B. From an output terminal 
219, an output value processed in the filter is derived, and an 
original pixel value of the above -described input signal 
which is not filtered but has been delayed for a preselected 
delay time is derived from an output terminal 220. 

It should be noted that although FIGS. 9 A and 9B describe 
the FIR filter with 3x3 taps, the number of taps may be 
arbitrarily selected. Alternatively, an II R filter may be 
employed instead of this FIR filter. 

Next, operation of the comparator 106 of the control 
signal output means 120 will now be explained. The com- 
parator 106 first calculates an absolute value of the input 
signal S5. The comparator 106 judges whether or not the 
absolute value of the input signal S5 is larger than a 
threshold value "4". In this case, "4" of a 10-bit signal 
corresponds to 1 bit of an 8-bit signal. Depending upon the 
judgement result of the comparator 106, the comparator 106 
outputs the control signal CI to the switch 108 of the 
converting unit 130, and the control signal C2 to the adder 
107. 

The switch 108 is controlled in response to the control 
signal CI. When the absolute value of the input signal S5 is 
smaller than "4", the switch 108 is turned ON to output the 
output signal S4 to the adder 109. When the absolute value 
of the input signal S5 is greater than, or equal to "4", the 
switch 108 is turned OFF. At this time, "0" is outputted to 
the adder 109. 

The above-described process will now be explained with 
reference to FIG. 10A and FIG. 10B. 

FIG. 10A represents a concrete example for the above- 
described 8-bit input image signal SI indicated by a solid 
line, and the output signal S3 from the low-pass filter 103, 
as indicated by a dot line. In this embodiment, 2 bits of the 
signal, on the'LSB side thereof, produced from the low-pass 
filter 103 are added instead of 2 bits of the 10-bit signal S2, 
on the LSB side thereof, obtained by expanding the input 
signal SI. 

Since the signal S3 is produced by way of the low-pass 
filter, the high frequency component is lost to produce the 
blurred image. As a consequence, 8 bits (on MSB side 
thereof) of the 10-bit image signal of the signal S2 is made 
coincident with the input image signal SI in order not to lose 
the high frequency components as much as possible. 

As a result, only when the difference between the respec- 
tive signals S2 and S3 is smaller than a predetermined 
threshold value, for example, "4", 2 bits of the signal S3 on 
the LSB side are added instead of 2 bits of the signal S2 on 
the LSB side. In other words, in such a flat region where a 
concentration change is small, the process operation is 
carried out such that 2 bits of the 10-bit image sign al on the 
LSB side are replacr fl hy 1 bitp ftf the smoother^ signal. 

In the concrete example of FIG. 10A, a region A corre- 
sponds to a region whose concentration change is small, in 
which since the difference between the respective signals S2 
and S3 is smaller than "4", 2 bits of the signal S3 on the LSB 
side is added to the signal S2. To the contrary, the region Al 
corresponds to a region whose concentration change is large, 
and since the difference is larger than, or equal to 4, the 
signal S2 is directly outputted. 

The adder 107 of FIG. 6 is controlled in response to the 
control signal C2. When the absolute value of the signal S5 
is smaller than 4 and the signal S5 is a positive integer 
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(S2>S3), 4 is subtracted from the input signal S2 in the adder 
107. In other cases, no process operation is performed by the 
adder 107, but the input signal is outputted therefrom. It is 
assumed that the output signal from this adder 107 is "S6 M . 

5 The reason why the above-explained process operation is 
performed will now be explained with reference to FIG; 
10B. An "S2" indicated by a solid line shows such a signal 
S2 which is produced by bit -expanding the 8 -bit input signal 
SI into the 10-bit input signal, "l(step)" in the 8-bit signal 

10 SI corresponds to "4(steps)" in the 10-bit expanded signal 
S2. An S3 indicated by a dot line of FIG. 10B is an output 
result of the low-pass filter 3. This is because 2 bits (on the 
LSB side) of the signal S3 produced by the low-pass filter 3 
is added instead of 2 bits of the signal S2 on the LSB side. 

15 In the region A2, since S2<S3, 2 bits of the signal S3 on 
the LSB side is directly added to the signal S2. However, 
since the level of the signal S2 is larger than the signal S3 
in the region Al, namely S2>S3, 2 bits of the signal S3 on 
the LSB side is added after "4" is previously subtracted from 

20 the signal S2. 

Next, the output signal S6 obtained from the adder 107 is 
supplied to the adder 109. In this adder 109, the output signal 
S8 from the switch 108 is added to the output from the adder 
107 to obtain an added signal S7 (S7-S6+S8). This signal S7 

25 is derived from the output terminal U0. 

As previously, described, in the signal processing circuit 
of FIG. 6, when the 8-bit quantized digital image signal is 
converted into the 10-bit image signal, the smoothing pro- 

3Q cess is performed at the same time. Also, the high frequency 
component of the image signal when the smoothing process 
is performed is not lost as many as possible. 

That is, in the 10-bit image signal, an interval of 1 bit 
becomes V* of an interval of 1 bit of the 8-bit image signal. 

35 As a. consequence, a more precise image can be represented, 
as compared with the 8-bit image signal. Also, the 1-bit 
interval is not so easible observable. 

Thus, as shown in FIG. 11 A, when there is a 1-bit 
concentration (density) change in the 8-bit image signal, in 

40 the case that the 8-bit image signal is bit-converted into the 
10-bit image signal, the smoothing process is performed 
thereto at the same time, so that such a smooth signal whose 
concentration change has been dispersed into 4 pixels, as 
shown in FIG. 11B. Normally, when such a smoothing 

45 process is carried out, the high frequency component of the 
image signal will be lost. To avoid it, 8 bits (on the MSB 
side) of the smoothed 10-bit image signal are identical to 8 
bits of the input image signal 

As a result, when the conventional method is carried out, 

50 namely the 8-bit image signal is processed without any bit 
conversion, one sort of such a dither method for adding 
noise to the input image signal has been employed. To the 
contrary, according to this embodiment, the quantizing 
noise, pseudo contour is relaxed without adding noise to the 

55 input image signal. 

In other words, according to the embodiment of the 
present invention, the 8-bit quantized digital image signal is 
converted into the 10-bit image signal to produce the half 
tone (intermediate gradation), so that the quantizing noise 

60 produced by the 8-bit quantizing process can be relaxed, or 
suppressed. In particular, the pseudo contour caused by the 
performance limit of the 8-bit image signal never appear. In 
general, this may be realized by applying the present 
embodiment to such a case that n bits are converted into m 

65 bits. 

The image signal processing apparatus as shown in FIG. 
6 may be applied to, for example, a post filter 39 employed 
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in a moving picture coding/decoding apparatus shown in processed as the B picture, i.e., an interpolated frame, a 

FIG. 15. The moving picture coding/decoding apparatus calculation is carried out about a difference component 

shown in FIG, 15 employs the high-efficiency coding tech- between the temporally preceding frame Fl and the average 

nique for the moving picture with employment of line value of the temporally succeeding frame F3 (frame coded 

correlation and frame correlation. This high-efficiency cod- 5 non-interpolated frame). This difference is transmitted as 

ing technique will now be explained with reference to FIG. transmit data (transmit interpolated frame data). 

12 to FIG. 20. Precise speaking, as this B picture process, there are four 

When the line correlation is utilized, an image signal may ! orte of mode ? switcbable in unit of a macroblock As the 

be compressed by performing, for example, the DCT P™?^ lh f data a 1 bou , t lh ° S!*™ 1 frame F2 ts directly 

/j- 4 • . ? \ m transmitted as transmit data F2X as indicated by an arrow 

(discrete cosine transform) process. 10 cn1 f , , . r?,^, AA r „ . , *, x ... 

v /r SPlota broken line in FIG. 14 (intra-coded mode), which 

When the frame correlation is utilized, the image signal ^ similar t0 the process for the I picture. As the second 

may be further compressed to be coded. process, a difference between the second frame F2 and the 

For instance, as shown in FIG. 12A, when frame images temporally succeeding frame F3 is calculated, and then this 

PCI, PC2, PC3 are produced at time instants t-tl, t2, t3, difference is transmitted as indicated by an arrow SP2 of a 

respectively, a difference between image signals of the frame 15 broken line in this drawing (backward prediction mode). As 

images PCI and PC2 is calculated to thereby form an image the third process, the difference between the second frame 

PC12 as indicated in FIG. 12B. Also, another difference F2 and the temporally preceding frame Fl is transmitted as 

between the frame images PC2 and PC3 of FIG. 12A is indicated by an arrow SP3 of a broken line in this drawing 

calculated to produce an image PC23 of FIG. 12B. (forward prediction mode). Furthermore, as the fourth 

Normally, since temporally adjoining frame images do not 20 process, the difference value between the temporally pre- 

contain a large change, when a difference between the ceding frame Fl and the average value of the temporally 

temporally successive frame images is calculated, a differ- succeeding frame F3 is produced, and this difference value 

ence signal is a small value. That is, as to the image PC12 is transmitted as transmit data F2X (bidirectional prediction 

shown in FIG. 12B, a signal of such a portion indicated by ^ mode). 

a hatched line in the image PC12 of FIG. 12B is obtained as The method by which the most least data is transmitted 

a difference between the frame image signals of the frame among these fourth methods is employed in unit of a 

images PC2 and PC3 in FIG. 12A. Then, when this differ- macroblock. 

ence signal is coded, the coding amount can be compressed. It should be noted that when the difference data is 

However, if only the above-described difference signal is 3Q transmitted, either a movement vector XI between the frame 

transmitted, then the original image cannot be recovered. images (predicted images) used to calculate the difference 

Therefore, while the images of the respective frames are set value (namely, a movement vector between the frames Fl 

to any one of an I picture (Intra-coded picture), a P picture and F2 in case of the forward prediction mode), or another 

(Predictive-coded picture), and a B picture (Bidirectionally- movement vector X2 (a movement vector between the 

predictive-coded picture), the image signal is compressed/ 35 frames F3 and F2 in case of the backward prediction mode), 

coded. otherwise both of the movement vectors XI and X2 (in case 

In other words, as represented in FIG. 13A and FIG. 13B, of the bidirectional prediction mode) are transmitted 

image signals of 17 frames defined from a frame Fl to a together with the difference data. 

frame F17 are handle as a group of picture, namely, one unit With respect to the frame F3 of the I picture (frame-coded 

of the coding process. Then, the image signal of the head 40 non- interpolated frame), while using the temporally preced- 

frame Fl is coded as the I picture, the image signal of the ing frame Fl as the prediction image, the difference signal 

second frame F2 is coded as the B picture, and the image (indicated by an arrow SP3 of a broken line) between this 

signal of the third frame F3 is coded as the P picture. frame Fl and the frame F3 is calculated, and also the 

Subsequently, the image signals from the fourth frame F4 movement vector X3 is calculated. This is transmitted as the 

until the last frame F17 are alternately processed as either 4S transmit data F3X (forward prediction mode). Alternatively, 

the B pictures or the P pictures. the data on the original frame F3 is directly transmitted as 

As the image signal of the I picture, the image signal for the transmit data F3X (indicated as an arrow SP1 of a broken 

1 frame thereof is directly transmitted without any process. UQe ) (intra-coding mode). In this P picture, the data transmit 

To the contrary, as the image signal of the P picture, method is selected in a similar manner to the B picture, 

basically, as indicated in FIG. 13A, a difference between the 50 namely, the method for transmitting the most least data is 

image signals of either the I pictures, or the P pictures, which selected in unit of a macroblock. 

temporally precede this I picture image signal is coded to be It should be noted that both of the frame F4 in the B 

transferred. Furthermore, as the image signal of the B picture and the frame F5 in the P picture are processed in a 

picture, basically, as indicated in FIG. 13B, a difference is similar manner to the above-described case to thereby obtain 

calculated from average values of the frame images which 55 transmit data F4X, F5X, and movement vectors X4, X5, X6 

temporally precede, or succeed this I picture image signal, etc. 

and then this calculated difference is coded to be transmitted. Next, FIG. 15 schematically represents a structural 

FIG. 14A and FIG. 14B schematically represent the example of an apparatus for coding a moving picture signal 

principle idea of the method for coding a moving picture to transmit the coded moving picture signal, and also for 
(image) signal. In FIG. 14A, frame data of the moving 60 decoding this coded moving picture signal based upon the 

picture signal is schematically shown, whereas in FIG. 14B, above-described principle idea. 

frame data to be transmitted is schematically shown. As In FIG. 15, a coding apparatus 1 codes an inputted video 

represented in FIG. 14Aand FIG. 14B, since the first frame (picture) signal and transmits the coded video signal to a 

Fl is processed as the I picture, namely the non-interpolated recording medium 3 as a transmission path in order to be 
frame, this first frame Fl is transmitted as transmit data FIX 65 recorded thereon. Then, a decoding apparatus 2 reproduces 

(transmit non-interpolated frame data) (namely, intra-coding . the signal recorded on the recording medium 3 and decodes 

process). To the contrary, since the second frame F2 is this reproduced signal to be outputted. 
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First, in the coding apparatus 1, the video signal VD rio ration caused by coding the image. In general, as this post 

entered via the input terminal 10 is inputted into a prepro- filter 39, such a filter is utilized which removes, for instance, 

cessing circuit 11 by which a luminance signal and a color block distortion, noise produced near a sharp edge, or the 

signal (color difference signal in this case) are separated. quantizing noise. As explained with reference to FIG. 8 and 

The separated luminance signal and color signal are A/D- 5 FIG. 9, the two-dimensional low-pass filter with 3x3 pixels 

converted by A/D converters 12 and 13, respectively. The fc u] m^ t \ n lh is embodiment, the image signal processing 

digital video signals A/D-converted in the A/D converters 12 a pp araniS shown in FIG. 6 is employed, 

and 13 are supplied to either a front -end filter, or a prefilter _ , , . , • , . , . r . , . 

19 so as to be filtered. Thereafter, the filtered digital video In othcr thc finance agnfl ™d from the lumi- 

signals are supplied to a frame memory 14 so as to be stored in nanc< ; Sl &*\ mc , mor y 34 ' and the ™} 0T dlffercncc 

therein. In this frame memory 14, the luminance signal is 10 sl S nal rcad from the color difference signal frame memory 

stored in a luminance frame memory 15, and the color 35 «c entered into the input terminal 101 of FIG. 6. The 

difference signal is stored in a color difference signal frame apparatus of FIG. 6 processes at least one of these luminance 

memory 16, respectively. signal and color difference signal, or both of these signals in 

The above-explained front-end filter, or prefilter 19 per- a parallel manner, or a time -divisional manner. Then, this 

forms such a process operation to improve the coding 15 apparatus derives the processed signal from the output 

efficiency and the image quality. This prefilter 19 correspond terminal 110 and supplies the derived signal to the D/A 

to, for example, a noise eliminating filter, or a filter for converters 36 and 37. 

limiting a bandwidth. As a concrete example of this prefilter, Referring now to FIG. 17, an arrangement of the encoder 

the two-dimensional low-pass filter with the 3x3 pixels may 18 will be described. 

be employed, as explained in connection with FIG. 8 and 20 The image data which has. been supplied via the input 

FIG. 9. In this filter, the uniform filtering process is con- terminal 49 and should be encoded is entered into a move- 

tinuously performed irrelevant to the input image signal, the men t vector detecting circuit 50 in unit of macroblock. The 

conditions of the decoders. movement vector detecting circuit 50 processes the image 

A format converting circuit 17 converts a frame format ^ data of the respective frames as an I picture, a P picture, or 

signal stored in a frame memory 14 into a block format a B picture in accordance with a preset sequence. A decision 

signal. That is, as shown in FIG. 16, the video signal stored how to process the image data of each frame as the I picture, 

in the frame memory 14 is determined as such frame format P picture, or B picture is previously made (for example, a 

data 111 that V lines are collected and 1 line contains H dots. shown in FIG. 13, a group of picture constituted by the 

The format converting circuit 17 subdivides 1 frame signal 3Q frame Fl to the frame F17 is processed as I, B, P, B, P, - - 

into N pieces of slices 112, while using 16 lines as a unit. - , B, P). 

Then, each slice 112 is subdivided into M pieces of mac- Th e image data of such a frame to be processed as the I 

rob locks. Each macroblock 113 is constructed of a lumi- picture (e.g., frame Fl) is transferred from the movement 

nance signal corresponding to 16x16 pixels (dots), and this vector detecting circuit 50 to a forward original image unit 

luminance signal is further subdivided into blocks Y[l] to 35 51^ 0 f the frame memory 51 so as to be stored therein. The 

Y[4], and each block is constituted by 8x8-dot Cb signal and j ma g e data of such a frame to be processed as the B picture 

a 8x8-dot Cr signal. (e.g., frame F2) is transferred to an original image unit 

As described above, the data converted into the block (reference original image unit) 51b so as to be stored therein, 

format is supplied from the format converting circuit 17 into The image data to be processed as the P picture (for 

the encoder 18 so as to be encoded. A detailed encoding 4Q example, frame F3) is transferred to a backward original 

operation will be discussed later with reference to FIG. 17. image unit 51c in order to be stored therein. 

The signal encoded by the encoder 18 is outputted to the At the next timing, when the image data of such a frame 

transmission path as a bit stream which will then be recorded to be processed as either the B picture (e.g., frame F4), or the 

on, for example, the recording medium 3. p picture (e.g., frame F5) is entered, the image data of the 

The data reproduced from the recording medium 3 is 45 first P picture (namely, frame F3) which has been stored in 

supplied to the decoder 31 of the decoding apparatus 2 so as the backward original image unit 51c is transferred to the 

to be decoded. A detailed structure of the decoder 31 will be forward original image unit 51a. Then, the image data of the 

explained with reference to FIG. 20. next B picture (frame F4) is stored in the original image unit 

Tlie data decoded by the decoder 31 is entered into the Stb (namely, overwritten), and the image data of the next P 

format converting circuit 32, so that the block format is 50 picture (frame F5) is stored in the backward original image 

transformed into the frame format. Then, the luminance unit 51c (namely, overwritten). Such an operation is sequen- 

signal in the frame format is supplied to a luminance signal tially repeated. 

frame memory 33 so as to be stored therein, and the color The signals of the respective picture stored in the frame 

difference signal is supplied to a color difference signal memory 51 are read out from this frame memory 51, and the 

frame memory 35 in order to be stored therein. Both of the 55 read signals are processed in a prediction mode switching 

luminance signal and the color difference signal, which are circuit 52 by way of either a frame prediction mode process, 

read out from the luminance signal frame memory 34 and or a field prediction mode process. Moreover, under control 

the co lor difference signal frame memory 35 are furnished to of a prediction judging circuit 54, the calculations are 

either a post -staged filter, or a post filter 39 so as to be performed in a calculation unit 53 in accordance with the 

filtered. Thereafter, the filtered signals are D/A-converted by 60 intra coding mode, the forward prediction mode, the back- 

D/A converters 36 and 37 into analog signals. The analog ward prediction mode, or the bidirectional prediction mode, 

signals are supplied to a postprocessing circuit 38 in order to A decision as to which process operation is carried out is . 

be combined with each other. The output picture (image) made in unit of macroblock in response to a prediction error 

signal is supplied from an output terminal 30 to a display signal (namely a difference between a reference image to be 

such as a CRT (not shown) for display operation. 65 processed and a predicted image thereof). As a consequence, 

This post filter 39 performs a process to improve an image the movement vector detecting circuit 50 produces an abso- 

quality, namely is employed so as to mitigate image dete- lute value summation (otherwise, squared summation) of the 
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prediction error signals employed in this judgement, and an 
evaluated value of the intra coding mode corresponding to 
the prediction error signal in unit of macroblock. 

Now, the frame prediction mode and the field prediction 
mode in the prediction mode switching circuit 52 will be 
explained. 

When the frame prediction mode is set, the prediction 
mode switching circuit 52 directly outputs four luminance 
blocks Y[l] to Y[4] supplied from the movement vector 
detecting circuit 50 to a post-staged calculation unit 53. That 
is, in this case, as represented in FIG, 18, the data of the lines 
in the odd-numbered field, and the data of the lines in the 
even-numbered field are mixed with each other in the 
respective luminance blocks. It should be noted that a solid 
line in each of macroblocks of FIG. 18A and FIG. 18B 
indicates the data of the lines in the odd-numbered field (line 
of a first field), and a broken line thereof shows the data of 
the lines in the even-numbered field (line of a second field). 
Symbols "a" and "b" of FIG. 18A and FIG. 18B show units 
of movement compensation. In this frame prediction mode, 
prediction is carried out by using the four luminance blocks 
(macroblocks) as one unit, and one movement vector cor- 
' responds to the four luminance blocks. 

To the contrary, when the field prediction mode is set, the 
prediction mode switching circuit 52 outputs such a signal 
inputted from the movement vector detecting circuit 50 
having the structure shown in FIG. 18A to the calculation 
unit 53 in such a manner that, as indicated in FIG. 18B, the 
luminance blocks Y[l] and Y[2] among the four luminance 
blocks are arranged only by the data of the lines in the 
odd-numbered field, whereas the remaining two luminance 
blocks Y[3] and Y[4] are arranged by the data of the lines in 
the even-numbered field. In this case, one movement vector 
corresponds to the two luminance blocks Y[l] and Y[2], 
whereas another movement vector corresponds to the 
remaining two luminance blocks Y[3] and Y[4]. 

The color difference signal is supplied to the calculation 
unit 53 in the case of the frame prediction mode, as shown 
in FIG. 18, under such a condition that the data of the lines 
in the odd-numbered field and the data of the lines in the 
even-numbered field are mixed with each other. In the case 
of the field prediction mode, as represented in FIG. 18B, the 
upper half portions (4 lines) of the respective color differ- 
ence blocks Cb and Cr and the color difference signals in the 
odd-numbered field corresponding to the luminance blocks 
Y[l] and Y[2], and the lower half portions thereof (4 lines) 
are the color difference signals in the even -numbered fields 
corresponding to the luminance blocks Y[3] and Y[4]. 

The movement vector detecting circuit 50 produces the 
evaluation value in the intra coding mode, and the absolute 
value summation of the respective prediction errors in unit 
of macroblock. These values are used in the prediction 
judging circuit 54 to determine that any one of the intra 
coding mode, the forward prediction mode, the backward 
prediction mode, and the bidirectional prediction mode is 
employed to perform the prediction operation with respect to 
the respective macroblock, and also to determine that either 
the frame prediction mode, or the field prediction is used to 
execute the process operation. 

In other words, as the evaluation value of the intra coding 
mode, a calculation is made of an absolute value summation 
"|2Aij -(average value of Aif)|" of differences between the 
signal Aij of the macroblock of the reference image which 
will be coded, and an average value thereof. As an absolute 
value summation of the forward prediction errors, another 
calculation is made of a summation 2|Aij-Bij| of an absolute 
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value |Aij-Bij| about a difference (Aij-Bij) between the 
signal Aij of the macroblock of the reference image and the 
signal Bij of the macroblock of the prediction image. Similar 
to the above-explained forward prediction case, as an abso- 

5 ■ lute summation of the prediction errors for the backward 
prediction and the bidirectional prediction, these absolute 
value summations are calculated with regard to the frame 
prediction Mode and the field prediction mode (the relevant 
prediction image is changed into the different prediction 
image from that of the forward prediction). 

These absolute value summations are supplied to the 
prediction judging circuit 54. The prediction judging circuit 
54 selects the smallest ne from the absolute value summa- 
tions of the prediction errors of the forward prediction, 

15 backward prediction, and bidirectional prediction in each of 
the frame prediction mode and the field prediction mode, as 
an absolute value summation of prediction errors in the inter 
prediction. Furthermore, the prediction judging circuit 54 
compares this absolute value summation of the prediction 

20 errors in this inter prediction with the evaluation value of the 
intra coding mode to thereby selects a smaller absolute value 
summation. Then, the mode corresponding to this selected 
value is selected as the prediction mode and the frame/field 
prediction mode. That is, when the evaluation value of the 

25 intra coding mode becomes smaller, the intra coding mode 
is set. When the absolute value summation of the prediction 
errors of the inter prediction becomes smaller, such a mode 
whose corresponding absolute value summation is the small- 
est among the forward prediction, the backward prediction, 

30 and the bidirectional prediction is set as the prediction mode, 
and the frame/field prediction mode. 

As previously explained, the prediction mode switching 
circuit 52 supplies the signal of the macroblock of the 
reference image to the calculation unit 53 with such an 

35 arrangement as shown in FIG. 18 corresponding to the mode 
selected by the prediction judging circuit 54 among the 
frame or field prediction mode. The movement vector 
detecting circuit 50 outputs the movement vector between 
the prediction image and the reference image, which corre- 

40 sponds to the prediction mode selected by the prediction 
judging circuit 54, and supplies the movement vector to a 
variable length coding circuit 58 and a movement compen- 
sating circuit 64 (will be discussed later). As this movement 
vector, a selection is made of such a movement vector in 

45 which the absolute value summation of the corresponding 
prediction error becomes minimum. 

The prediction judging circuit 54 sets the intra coding 
mode (namely, mode with no movement compensation) is 
set as the prediction mode when the image data of the I 

50 picture is read out from the forward original image unit 51a 
by the movement vector detecting circuit 50, and changes 
the switch 53d of the calculation unit 53 to the contact "a". 
As a result, the image data of the I picture is inputted to a 
DCT mode switching circuit 55. 

55 This DCT mode switching circuit 55 outputs the data of 
the four luminance blocks to the DCT circuit 56, as shown 
in FIG. 19A, or FIG. 14B, under either a condition that the 
lines of the odd-numbered field and the lines of the even- 
numbered field are mixed with each other, or a separated 

60 condition (field DCT mode). 

In other words, the DCT mode switching circuit 55 
compares the coding efficiency achieved when the data is 
DCT-processed by mixing the data of the odd-numbered 
fields with the data of the even-numbered fields with the 

65 coding efficiency achieved when the data is DCT-processed 
under separate condition, thereby selecting the mode with 
the better coding efficiency. 
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For example, as indicated in FIG. 19 A, while the inputted 
signal is so arranged that the lines of the odd- numbered field 
and the lines of the even-numbered field are mixed, a 
calculation is done to obtain a difference between the signals 
of the lines in the add-numbered field and the signals of the 
lines in the even-numbered field located adjacent to those of 
the odd-numbered field along the vertical direction. 
Furthermore, a summation of the absolute values (or squared 
summation) is calculated. Also, as indicated in FIG. 19B, 
while the inputted signal is so arranged that the lines of the 
odd-numbered field and the lines of the even- numbered field 
are separated, a calculation is done to obtain a difference 
between the signals of the mutual lines in the odd-numbered 
field and another difference between the signals of the 
mutual lines in the even -numbered field located adjacent to 
each other along the vertical direction. Furthermore, a 
summation of the absolute values (or squared summation) is 
calculated. In addition, both of these absolute value sum- 
mations are compared with each other, and the DCT mode 
corresponding to the smaller value is set. In other words, 
when the former value becomes smaller, the frame DCT 
mode is set, whereas when the latter value becomes smaller, 
the field DCT mode is set. 

Then, the data having the structure corresponding to the 
selected DCT mode is outputted to the DCT circuit 56, and 
further the DCT flag indicative of the selected DCT mode is 
outputted to the variable length coding circuit 58. 

As apparent from the comparison between the frame/field 
prediction mode (see FIG. 18A and FIG. 18B) in the 
prediction mode switching circuit 52 and the DCT mode (see 
FIG. 19Aand FIG, 19B) in this DCT mode switching circuit 
55, the data structures in both of the modes re substantially 
identical to each other with respect to the luminance blocks. 

When the frame prediction mode (namely, mode in which 
odd-numbered lines and even-numbered lines are mixed) is 
selected in the prediction mode switching circuit 52, there 
are higher possibilities that the frame DCT mode (namely, 
mode in which odd-numbered lines and even-numbered 
lines are mixed) is selected also in the DCT mode switching 
circuit 55. Similarly, when the field prediction mode 
(namely, mode in which data in odd-numbered lines are 
separated from data in even-numbered lines) is selected in 
the prediction mode switching circuit 52, there are higher 
possibilities that the field DCT mode (namely, mode in 
which data in odd -numbered field are separated from data in 
even-numbered field) is selected in the DCT mode switching 
circuit 55. 

However, the above-described conditions are not always 
established, but the mode is selected in such a manner that 
the absolute value summation of the prediction errors 
becomes small in the prediction mode switching circuit 52, 
whereas the mode is determined in such a way that the 
coding efficiency becomes high in the DCT mode switching 
circuit 55. 

The image data on the I picture outputted from the DCT 
mode switching circuit 55 is inputted into the DCT circuit 56 
to be DCT-processed (discrete cosine transform), thereby 
being transformed into the DCT coefficient. This DCT 
coefficient is inputted into the quantizing circuit 57, so as to 
be quantized by the quantizing step corresponding to the 
data storage amount of the transmit buffer 59 (buffer storage 
amount). Thereafter, the quantized DCT coefficient is 
entered into the variable length coding circuit 58. 

The variable length coding circuit 58 converts the image 
data (data on I picture in this case) supplied from the 
quantizing circuit 57 in correspondence with the quantizing 
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step (scale) supplied from the quantizing circuit 57 into such 
a variable length code as the Huffman code, and then outputs 
the variable .length code to the transmit buffer 59. 

Also, to the variable length coding circuit 58, the quan- 
tizing step (scale) is supplied from the quantizing circuit 57; 
the prediction mode (namely, mode indicating that any one 
of intra coding mode, forward prediction mode, backward 
prediction mode, and bidirectional prediction mode is set) is 
inputted from the prediction judging circuit 54; the move- 
ment vector is entered from the movement vector detecting 
circuit 50; and the prediction flag (namely, flag indicating 
that any one of frame prediction mode and field prediction 
mode) is inputted from the prediction judging circuit 54; and 
also the DCT flag (namely, flag indicating that any one of 
flame DCT mode and field DCT mode is set) outputted from 
the DCT mode switching circuit 55 is entered. These param- 
eters are similarly converted into variable length codes. 

The transmit buffer 59 temporarily stores the inputted 
data, and supplies the data corresponding to the data stored 
amount thereof to the quantizing circuit 57. 

In the case that the data remaining amount of the transmit 
buffer 59 is increased up to the allowable upper limit value, 
the transmit buffer 59 lowers the data amount of the quan- 
tizing data by increasing the quantizing scale of the quan- 
tizing circuit 57 in response to the quantizing control signal. 
Conversely, when the data remaining amount is reduced up 
to he allowable lower limit value, the transmit buffer 59 
increases the data amount of the quantizing data by decreas- 
ing the quantizing scale of the quantizing circuit 58 in 
response to the quantizing control signal. Thus, overflows or 
underflows of the transmit buffer 59 can be avoided. 

Then, the data stored in the transmit buffer 59 is read out 
at a preselected timing, and then outputted via the output 
terminal 69 to the transmission path, thereby being recorded 
on, for example, the recording medium 3. 

On the other hand, the data of the I picture outputted from 
the quantizing circuit 57 is inputted into a dequantizing 
circuit 60 so as to be dequantized in accordance with the 
40 quantizing step supplied from the quantizing circuit 57. The 
output from the dequantizing circuit 60 is inputted into an 
IDCT (inverse DCT) circuit 61 in order to be inverse-DCT- 
processed. Thereafter, the resulting signal is supplied via a 
calculator 62 to the forward prediction image unit 63c of the 
45 frame memory 63 so as to be stored. 

When the image data of the respective frames sequentially 
entered into the movement vector detecting circuit 50 are 
processed as the pictures of I, B, P, B, P, B — (as explained 
before) by this movement vector detecting circuit 50, the 
image data of the firstly inputted frame is processed as the 
I picture. Thereafter, the image data of the thirdly inputted 
frame is processed as the P picture before the image data of 
the secondly entered frame is processed as the I picture. The 
reason is such that as the B picture owns a certain possibility 
with the backward prediction and the bidirectional 
prediction, if the P picture as the backward prediction image 
is not prepared in advance, then this Z picture cannot be 
decoded. 

Under such a circumstance, the movement vector detect- 
ing circuit 50 commences the process operation of the image 
data on the P picture stored in the backward original image 
unit 51c subsequent to the process operation of the I picture. 
Then, similar to the above-explained case, the absolute value 
summation of the frame differences (prediction error 
differences), and the evaluate value of the intra coding mode 
in unit of macroblock are supplied from the movement 
vector detecting circuit 50 to the prediction judging circuit 
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54. In response to the evaluation value of the intra coding stored into the forward prediction image unit 63a and the 

mode for this P picture in unit of macroblock and also the backward prediction image unit 63*, respectively. In corre- 

absolute value of the prediction errors, the prediction judg- spondence with the evaluation value of the intra coding 

ing circuit 54 sets any one of the frame prediction mode, and mode in unit of macroblock, and also the dimension of the 

any one of the intra coding mode and the forward prediction 5 absolute value summation between the frame differences, 

mode, the prediction judging circuit 54 sets the frame/field predic- 

\itu *u • ♦ a ' a • * *u it** •* si tion mode, and also sets the prediction mode to any one of 

When he mtra coding mode » set the calculation unit 53 ^ intra ^ ^ diction m * d the 

changes the swUch S3d to the contact a , as explained ha ^ wlad predi ^ ion mode> m<i the bidirectional prediction 

above. As a result, similar to the data on the I picture, this mode 

data is transferred to the trar*mission path via the DCT 10 ^ ^ described> wheD either the mtra ^ 

mode switching circuit 55, the DCT circuit 56, the quantiz- mod Qr me forward diction mode is ^a**, the switch 

ing circuit 57, the variable length codmg circuit 58, and the 5 ^ ^ switched to ehher me CQntact ^ Qt lhe COfltact , v 

transmit buffer 59. ™is data is furnished via the dequantiz- M ^ ^ a similar ^ ^ fc QUt a& ifl 

!ng circuit 60 the EDCT circuit 61, and the calculator 62 to me p icturCf ^ the data is transmitted . 

the backward prediction image unit 63* of the frame 15 ~ \ u t , ... t . . . . 

4 . 4 . f L ■ To the contrary, when either the backward prediction 

memory 63 so as to be stored therein. . tU .... 7 \. . , . f u »_ 

J mode or the bidirectional prediction mode is set, the switch 

On the other hand, when the forward prediction mode is s3d fc cha nged into the contact "c" of the contact "d". 
selected, the switch 53* is changed into the contact < V, and In ^ backwafd ediction mode where tne switch 53rf is 
also the image data (image data of I picture in this case) switched tQ ^ v , ^ { daU (iffl data 0Q 
stored in the forward prediction image unit 63a of the frame , ^ ^ {h[s ^ stQred in ^ badward pre diction 
memory 63 is read out. Then, the movement is compensated ^ ^ ^ h of the framc mcmory 63 is rcad out . ^ 
by the movement compensating circuit 64 in response to the me movement fa compensated by the movement compen- 
movement vector outputted from the movement vector ^ drcuit fi4 in fC tQ mc movcmcnt vcctor out . 
detectmg circuit 50. In other words when the prediction d from the movement vector detecti circuit 50 . Io 
judging arcuit 54 instructs to set the forward prediction Qther words> wheQ ^ diction jud m circuit 54 instructs 
mode, the movement compensating circuit 64 shifts the read to get the backward pred iction mode, the movement corn- 
address of the forward-prediction image unit 63a only by atin circuit 64 shifts thc rcad addrcss of the backward 
such a shift value corresponding to the movement vector diction im unit &b onl b such a shift valuc ^ 
from a position corresponding to the position of the mac- di t0 the movemcnt vector from a posilion ^trc- 
roblock presently outputted by the movement detecting di tQ ^ itbn of ^ macrobbck ntl out . 
circuit 50, thereby reading out the data to produce the puUed by mc movcmcnt detecting circuit 50> thcrcby 
prediction image data. reading QUt the data to producc thc prc diction image data. 

The prediction image data outputted from the movement pred i c ti 0 n im a g e data outputted from the movement 

compensating circuit 64 is supplied to the calculator 53a. 35 compensating circuit 64 is supplied to the calculator 53*. 

The calculator 53a subtracts the prediction image data The calculator 53* subtracts the prediction image data which 

corresponding to the macroblock of the reference image ^ j^ppi^ from the movement compensating circuit 64, 

data, which is supplied from the movement compensating from the data on this re f ere nce image in the macroblock 

circuit 64, from the data on this reference image in the suppued f rom the prediction mode switching circuit 52. 

macroblock supplied from the prediction mode switching 4Q this calculator 53* outputs a difference thereof 

circuit 52. Then, this calculator 53a outputs a difference (prediction error). This difference data is transmitted via the 

thereof (prediction error). This difference data is transmitted DCT mode switching circuit 55, the DCT circuit 56, the 

via the DCT mode switching circuit 55, the DCT circuit 56, quan tizing circuit 57, the variable length coding circuit 58, 

the quantizing circuit 57, the variable length coding circuit and the ^smit DU ff er 59 to the transmission path. 

58 and the transmit buffer 59 to the transmission path. This 45 Ifi ^ bidireclional predictioa mode where the switch 53d 

difference data is locally decoded by the dequantizmg circuit fc {Q ^ CQntact bQth of tfae ^ 6m ( , 

60 and the IDCT circuit 61 to thereby be entered into the picture image daU [q ^ case) slQred intQ the forward 

calculator 62 • prediction image unit 63a and the image data (P picture 

The data identical to the prediction image data supplied to image data in this case) stored into the backward prediction 
the calculator 53a is furnished to this calculator 62. The 50 image unit 63* are read out. The movements of these read 
calculator 62 adds the prediction image data outputted from da ^ a ar e compensated by the movement compensating cir- 
the movement compensating circuit 64 to the difference data cu |t 64« accordance with the movement vector outputted 
outputted I by the IDCTcircuit 61. As _a result, the image data fr om the movement vector detecting circuit 50. In other 
of the original (decoded) P picture is obtained. This image words, when the prediction judging circuit 54 instructs to set 
data of the P picture is supplied to the backward prediction 55 the bidirectional prediction mode, the movement compen- 
image unit 63* of the frame memory 63, so as to be stored sating circuit 64 shifts the read addresses of the forward 
therein. It should be understood that since the data structure prediction image unit 63a and the backward prediction 
of the difference data outputted by the IDCT circuit must be jmage unit 63* by such a value corresponding to the 
actually identical to the data structure of the prediction movement vector from the position corresponding to the 
image data, which are supplied to the calculator 62, such a 60 p0 sition of the macroblock presently outputted by the move- 
circuit is required which rearranges the data so as to accept mcn \ vector detecting circuit 50, thereby reading out the data 
such a case that the frame/field prediction mode and the to produce the prediction image data. This movement vector 
frame/field DCT modes are different. However, for the sake becomes two vectors for the forward prediction image and 
of simplicity, this circuit is omitted. me ba ckward prediction image in the frame prediction 

As explained above, the movement vector detecting cir- 65 mode, and becomes 4 vectors, namely two vectors for the 

cuit 50 executes-the process operation of the B picture after forward prediction image, and two vectors for the backward 

the image data of the I picture and the P picture have been prediction image in the field prediction mode. 
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The prediction image data outputted from the movement on I picture) which has been stored in the forward prediction 

compensating circuit 64 is supplied to the calculator 53c, image unit 86a of the frame memory 86 is read out. This 

The calculator 53c subtracts the average value of the pre- read data is compensated by the movement compensating 

diction image data supplied from the movement compen- circuit 87 in correspondence with the movement vector 

sating circuit 64 from the data of the reference image 5 outputted from the variable length decoding circuit 82. 

supplied from the movement vector detecting circuit 50 in T^ 0 * m tne calculator 85, this compensated data is added to 

the macroblock, and outputs this difference. The difference ^ ima e e dala ( data of difference) supplied from the IDCT 

data is transmitted via the DCT mode switching circuit 55, circu ? 84 - ™ e added data derived from the calculator 85, 

the DCT circuit 56, the quantizing circuit 57, the variable namel y * e decoded data of theP picture is stored into a 

length coding circuit 58, and the transmit buffer 59 to the 10 backwar f Pactum image ;umt86fc of the frame memory 86 

transmission path. m ^der to produce prediction image data of such image data 

r (image data of B picture, or P picture) which will be inputted 

Since the B picture image is not used as the prediction ^ Xo this calculator 85 later, 

image for other image, this B picture image is not stored in Even when the data of the p picture ^ inputtedj the data 

the frame memory 6. 0 f me macroblock coded in the intra coding mode is not 

In the frame memory 63, the forward prediction image 15 especially processed in the calculator 85, but is directly 

unit 63a and the backward prediction image unit 63b are stored into the backward prediction image unit 866 in a 

switched, if necessary. The image data stored in either one similar manner to the data of the I picture, 

image unit 63a, or the other image unit 63b with respect to Since this P picture corresponds to such an image which 

a preselected reference image, may be switched as the should be displayed subsequent to the next B picture, this P 

forward prediction image, or the backward prediction image 20 picture is not yet outputted to the format converting circuit 

to be outputted. 32 at this time (as previously explained, P picture inputted 

Although the previous description has been made about after B picture is processed prior to B picture to be 

the luminance blocks, this processing operation is similarly transmitted). 

applied to the color difference blocks in unit of macroblocks When the image data supplied from the IDCT circuit 84 
shown in FIG. 18 and FIG. 19, and then the processed data 25 is the data of the I picture, in response to the prediction mode 
is transmitted. It should be noted that as the movement supplied from the variable length decoding circuit 82, the 
vector used to process the color difference block, the move- image data of the I picture (in case of forward reduction 
ment vector of the luminance block corresponding thereto is mode) stored in the forward prediction image unit 86a of the 
subdivided into Vi along the vertical direction and the ^ frame memory 86 is read out. The image data of the P picture 
horizontal direction. (in case of backward prediction mode) stored in the back- 
Next, FIG. 20 schematically shows a block diagram of an ward prediction image unit 86b is read out. Otherwise, both 
arrangement of the decoder 31 indicated in FIG. 15. The of these image data (in case of bidirectional prediction 
decoded image data transmitted via the transmission path mode) are read out. Then, the movement corresponding to 
(recording medium 3) is received by a receiver circuit (not 35 the movement vector outputted from the variable length 
shown), is reproduced in the reproducing apparatus, and is decoding circuit 82 is compensated in the movement com- 
temporarily stored into a receiver buffer 81 via an input pensating circuit 87, so that a prediction image is produced, 
terminal 80. Thereafter, this image data is supplied to a It should be understood that when no movement compen- 
variable length decoding circuit 82 of a decoder circuit 90. sation is required (in case of intra coding mode), such a 
The variable length decoding circuit 82 variable-length- 4Q prediction image is not produced. 

codes the data supplied from the receiver, buffer 81, outputs As a described above, the data movement-compensated 

a movement vector, a prediction mode, a prediction flag, and by the movement compensating circuit 87 is added with the 

a DCT flag to a movement compensating circuit 87. Also, output from the calculator 85. The addition result is out 

the variable length decoding circuit 82 outputs a quantizing putted via an output terminal 91 to the format converting 

step to a dequantizing circuit 83, and also the decoded image 45 circuit 32. 

data to the dequantizing circuit 83. It should also be noted that this addition result corre- 

The dequantizing circuit 83 dequantizes the image data sponds to the data of the B picture, and since this image data 

supplied from the variable length decoding circuit 82 in is not utilized so as to produce a prediction image of other 

accordance with the quantizing step supplied from the image, this image data is not stored into the frame memory 

variable length decoding circuit 82, to thereby supply the 50 86. 

resultant data to an IDCT circuit 84. The data (DCT After the image of the B picture ha s been outputted, the 

coefficient) outputted from the dequantizing circuit 83 is image data of the P picture stored in the backward prediction 

inverse-DCT processed in the IDCT circuit 84 to be supplied image unit 86b is read out and then is outputted as the 

to a calculator 85. reproduction image via the movement compensating circuit 

In the case that the image data supplied from the IDCT 55 87 and the calculator 85. At this time, neither the movement 

circuit 84 is the data of the I picture, this data is outputted compensation, nor the addition is carried out. 

from the calculator 85, and also is supplied to a forward It should be noted that there are not shown such circuits 

prediction image unit 86a of a frame memory 86 to be stored corresponding to the prediction mode switching circuit 52 

therein in order to produce prediction image data of such and the DCT mode switching circuit 55 employed in the 

image data (image data of P or B picture) which will be 60 encoder 18 of FIG. 17 in this decoder 13, the process 

entered into the calculator 85 later. This data is outputted to operations executed by these circuits are performed by the 

the format converting circuit 32 (see FIG. 15). movement compensating circuit 87, namely the structure 

When the image data supplied from the EDCT circuit 84 that the signals of the lines in the odd-numbered field are 

corresponds to the data on the I picture where the preceding separated from the signals of the lines in the even-numbered 

image data by 1 frame is the prediction image data; and also 65 field is returned to the original mixing structure, if necessary, 

to the data in the macroblock encoded in the forward Although the luminance signals have been processed in 

prediction mode, the preceding image data by 1 frame (data the above-described embodiment, the color difference sig- 
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rials may be similarly processed. In this case, as the move- 
ment vector the movement vector for the luminance signal 
is subdivided into l A along the vertical direction and the 
horizontal direction. 

Referring now to FIG. 21, another embodiment of the 
present invention will be explained. 

It should be noted that a moving picture coding/decoding 
apparatus of this embodiment shown in FIG. 21 is similar to 
the above-described apparatus represented in FIG. 6, and 
thereafter may be apparently applied as the post filter 39 of 
FIG. 15. 

In FIG. 21, when an 8-bit image signal Sll is inputted to 
an input terminal 301, this image signal is supplied via a 
noise removing filter 300 (will be discussed later, if 
necessary) to a 10-bit expanding circuit 302, 2 bits of "0" are 
added to the LSB of the input 8-bit image signal so as to 
expand the bit of this image signal, thereby producing a 
10-bit output signal S12. This 10-bit image signal S12 is 
supplied to a control signal output means 320 and a con- 
verting unit 330. These signals Sll and S12 are similar to the 
signals SI and S2 of the above -described embodiment 
shown in FIG. 6. 

The output signal S12 from the 10-bit expanding circuit 
302 is inputted into a low-pass filter 303 and a multiplier 306 
employed in the converting unit 330, and into a filter 
strength determining circuit 304 functioning as the control 
signal output means 320. 

The low-pass filter 303 filters the 10-bit expanded image 
signal S12 to output a signal S13. This output signal S13 of 
the low-pass filter 303 is similar to the above-explained 
signal S3 of FIG. 6, and is entered into the multiplier 305. 

In the multiplier 305, an output signal S15 obtained by 
multiplying the signal S13 by a coefficient "a" is sent to the 
multiplier 307, namely 

S15«S13xa, 

note O^agl. 

This coefficient "a" is controlled by the filter strength 
determining circuit 304. 

In the multiplier 306, another output signal S14 obtained 
by multiplying the output signal S12 from the 10-bit expand- 
ing circuit 302 by another coefficient (1-a) is supplied to the 
adder 307, namely: 

S14=S12x(l-a). 
This coefficient (1-a) is controlled by the filter strength 
determining circuit 304. 

The adder 307 adds the signal S14 with the signal S15 to 
obtain an output signal S16 which will then be supplied to 
an output terminal 308, namely: 

516=514 + 515 (1) 
= 512x0 -a)4-513xa. 

Subsequently, the filter strength determining circuit 304 
will now be explained. 

In the filter strength determining circuit 304 shown in 
FIG. 21, the output from the low-pass filter 303 is added 
with the output from the 10-bit expanding circuit 302 at a 
preselected ratio, and the added output is derived. This is 
because the high frequency component of the output signal 
from the low-pass filter 303 has been lost. Therefore, the 
original image is added to this filter output at a preselected 
ratio in order to recover this high frequency component. 
From the above-described formula (1), when a-0, the origi- 
nal image is outputted. When a-1, the filter output is directly 
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outputted. The coefficient "a" may become arbitrary values 
from 0 to 1. When this coefficient "a" is approximated to 
"0", the filter output is close to the original image. When this 
coefficient "a" is approximated to "1", the filter output is 

5 emphasized. 

The filter strength determining circuit 304 determines the 
coefficient "a" contained in the formula (1), namely the ratio 
of the signal S12 to the signal S13. 

The method for determining this multiply coefficient "a" 
will now be explained. 

A great effect achieved by bit-expanding the input image 
so as to smooth it appears in a flat portion. This is because 
a visual characteristic of a human is highly sensitive to a flat 
portion. As a result, the flatness degree of the image signal 
is measured by the filter strength determining circuit 304, 

15 and then the coefficient "a" may be determined based on this 
flatness degree. 

A flatness degree of an image signal implies, for example, 
dispersion of an image. When the dispersion of the image 
becomes small, this image becomes flat. In this case, the 

20 filter strength determining circuit 304 may be so arranged as 
to measure dispersion while a certain pixel is recognized as 
a center. The filter strength determining circuit 304 deter- 
mines the coefficient "a" as indicated in, for instance, FIG. 
22 in accordance with the measured dispersion, and then 

25 outputs this coefficient "a" to the multiplier 306 and another 
coefficient (1-a) to the multiplier 305. The coefficient "a" is 
determined in unit of pixel, and is properly processed. 

As another parameter indicating a flatness degree of an 
image under measurement in the filter strength determining 

30 circuit 304, a dynamic range of this image may be used, A 
dynamic rage of an image implies a difference between a 
maximum value and a minimum value of an image signal. 
Since a flat background is a plain surface, a dynamic range 
thereof is narrow. Since a human and an object own 

35 curvatures, dynamic ranges thereof become wide. As a 
consequence, the smaller the difference between the maxi- 
mum value and the minimum value of the image signal 
becomes, the more the image becomes flat. In this case, the 
filter strength determining circuit 304 may be so arranged as 

40 to measure a dynamic range while positioning a certain pixel 
as a center, namely: dynamic range=maximum value- 
minimum value. Depending upon the measured dynamic 
range, the coefficient "a" is determined as illustrated in FIG. 
23, and then is outputted. 

45 As a modification of this filter strength determined circuit 
304, the coefficient "a" may be determined in response to a 
luminance signal level of an image signal. This may intro- 
duce a great effect of the 10-bit expansion by such a fact that 
the darker brightness of a portion, the easier the 1 bit 

50 difference can be recognized in the 8-bit image. In this case, 
the filter strength determining circuit 304 determines the 
coefficient "a" in response to the luminance signal level, as 
represented in FIG. 24, and outputs the determined coeffi- 
cient "a". 

55 Alternatively, a plurality of these coefficient determining 
methods may be employed at the same time, or other 
coefficient deterrnining methods may be utilized. 

Next, a description will now be made of the noise 
eliminating filter 300 functioning as the noise eliminating 
60 means shown in FIG. 21. 

This noise eliminating filter 300 may be used or may not 
be used. The following description is made in such a case 
that' the noise eliminating filter 300 is inserted/connected to 
the front stage of the 10-bit expanding circuit 302 equal to 
65 the bit expanding means. 

This noise eliminating filter 300 eliminates a noise com- 
ponent contained in the image signal, and is realized by, for 
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instance, a low-pass filter. As this low-pass filter, a linear 
filter or a nonlinear filter may be employed. 

FIG. 25A shows an image signal SSI containing a large 
number of noises. In FIG. 25B, the output signal of the noise 
eliminating filter 300 when this image signal SSI is inputted 
is indicated as "SS2". When the noise eliminating filter 300 
is used, the noises are removed and the image is smoothed, 
so that there are manu flat portions. As a consequence, there 
is another problem that a pseudo contour may be produced. 

According to the embodiment of the present invention, a 
step of a 1 bit difference in 8 bits is smoothed at a flat portion 
of an image signal by making up an intermediate gradation. 
However, if the noise is contained in this image, then the flat 
portion cannot be discriminated from the step. 

Under such a reason, the noise eliminating filter 300 is 
inserted/connected to the front stage of the 10-bit expanding 
circuit 302 functioning as the bit expanding means accord- 
ing to this embodiment, and then the 8-bit-to- 10-bit con- 
verting process is carried out after performing the noise 
elimination by the noise eliminating filtering process. As a 
consequence, the above-described two problems can be 
solved. 

A similar effect may be apparently achieved by inserting/ 
connecting such a noise eliminating filter 300 to the front 
stage of the 10-bit expanding circuit 102 functioning as the 
bit expanding means of the embodiment of FIG. 6. 

It should be understood that the present invention is not 
limited to the above-described embodiments, but may be 
modified, substituted, and changed. For example, the bit 
conversion from 8 bits to 10 bits may be alternatively 
substituted by converting n bits into m bits, where symbols 
"n" and "m" are integers, and have a relationship of n<m. 
Also, the coding/decoding methods as explained in FIG. 12 
and FIG. 20 may be substituted by arbitrary coding/ 
decoding methods. 

According to the present invention, the n-bit quantized 
input image signal is bit-expanded into the m-bit image 
signal in response to the control signal. Accordingly, the 
intermediate gradation is produced to mitigate the quantiz- 
ing noise. 

Also, since the input image signal is smoothed by the 
low-pass filter, and at the same time, such a process opera- 
tion is carried out in order not to lose the high frequency 
component of the input image signal, the pseudo contours 
caused by the capability limit of the image signal does not 
appear in emphasized manner without deteriorating the 
resolution. 

What is claimed is: 

1. An apparatus for processing digital image signals to 
reduce the effect of quantizing noise in the images repre- 
sented by the digital image signals, comprising: 

means for converting an n-bit image signal into an m-bit 
image signal, wherein m and n are integers and m is 
greater than n; 

means for filtering said m-bit image signal to generate a 
low frequency m-bit image signal; 

means for estimating the high frequency content of said 
m-bit signal; and 

means for generating a reduced quantizing noise m-bit 
image signal by extracting at least one least significant 
bit from said low frequency m-bit image signal and 
adding said at least one least significant bit to said m-bit 
image signal when said estimate of the high frequency 
content of said m-bit image signal is below a prede- 
termined threshold; such that when said estimate of the 
high frequency content of said m-bit image signal is 
below said predetermined threshold and the magnitude 
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of said low frequency m-bit image signal is less than 
the magnitude of said m-bit image signal, a predeter- 
mined amount is subtracted from said m-bit image 
signal prior to adding said at least one least significant 
5 bit to said m-bit image signal. 

2. The apparatus as set forth in claim 1, wherein said 
means for estimating the high frequency content of said 
m-bit signal comprises means for determining a difference 
between said m-bit signal and said low frequency m-bit 

10 signal. 

3. The apparatus as set forth in claim 1, wherein said 
means for generating is operable to set the reduced quan- 
tizing noise m-bit image signal to the m-bit image signal for 
portions of said m-bit signal having a high frequency content 
above said predetermined threshold. 

15 4. The apparatus as set forth in claim 1, further comprising 
means for eliminating noise from said n-bit signal prior to 
converting said n-bit signal into said m-bit signal. 

5. The apparatus as set forth in claim 1, wherein said 
means for estimating is operable to estimate the high fre- 

20 quency content of each portion of said m-bit signal accord- 
ing to at least one of: a dispersion of said portion, a dynamic 
range of said portion and a luminance level of said portion. 

6. A method for processing digital image signals to reduce 
the effect of quantizing noise in the images represented by 

25 the digital image signals, comprising the steps of: 

converting an n-bit image signal into an m-bit image 
signal, wherein m and n are integers and m is greater 
than n; 

filtering said m-bit image signal to generate a low fre- 
30 quency m-bit image signal; 

estimating the high frequency content of said m-bit image 
signal; and 

generating a reduced quantizing noise m-bit image signal 
by extracting at least one least significant bit from said 

35 low frequency m-bit image signal and adding said at 
least one least significant bit to said m-bit image signal 
when said estimate of the high frequency content of 
said m-bit image signal is below a predetermined 
threshold; such that when said estimate of the high 
frequency content of said m-bit image signal is below 

40 said predetermined threshold and the magnitude of said 
low frequency ra-bit image signal is less than the 
magnitude of said m-bit image signal, a predetermined 
amount is subtracted from said m-bit image signal prior 
to adding said at least one least significant bit to said 

45 m-bit image signal. 

7. The method as set forth in claim 6, wherein the step of 
estimating the high frequency content of said m-bit signal 
comprises the step of determining a difference between said 
m-bit signal and said low frequency m-bit signal. 

50 8. The method as set forth in claim 6, wherein the step of 
generating a reduced quantizing noise m-bit image signal 
comprises setting said reduced quantizing noise m-bit image 
signal equal to the m-bit image signal for portions of said 
m-bit image signal having a high frequency content above 

55 said predetermined threshold. 

9. The method as set forth in claim 6, further comprising 
the step of eliminating noise from said n-bit signal prior to 
converting said n-bit signal into said m-bit signal. 

10. The method as set forth in claim 6, wherein the high 
60 frequency content of each portion of said m-bit signal is 

estimated according to at least one of: a dispersion of said 
portion, a dynamic range of said portion and a luminance 
level of said portion. 

11. An apparatus for decoding encoded digital image 
65 signals while reducing the effect of quantizing noise in the 

images represented by the encoded digital image signals, 
• comprising: 
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means for decoding an encoded digital image signal into 
an n-bit image signal; 

means for converting said n-bit image signal into an m-bit 
image signal, wherein m and n are integers and m is 
greater than n; 5 

means for filtering said m-bit image signal to generate a 
low frequency m-bit image signal; 

means for estimating the high frequency content of said 
m-bit image signal; 

means for generating a reduced quantizing noise m-bit 
image signal by extracting at least one least significant 
bit from said low frequency m-bit image signal and 
adding said at least one least significant bit to said m-bit 
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image signal when said estimate of the high frequency 
content of said m-bit image signal is below a prede- 
termined threshold; such that when said estimate of the 
high frequency content of said m-bit image signal is 
below said predetermined threshold and the magnitude 
of said low frequency m-bit image signal is less than 
the magnitude of said m-bit image signal a predeter- 
mined amount is subtracted from said m-bit image 
signal prior to adding said at least one least significant 
bit to said m-bit image signal; and 
means for converting said reduced quantizing noise m-bit 
image signal into an output video signal. 

***** 
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